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Short-Term Alternating Temperature Enhances
Histamine-Induced Itch: A Biphasic Stimulus Model
Florian Pfab1,2,4, Michael Valet3,4, Till Sprenger3, Thomas R. Toelle3, Georgios I. Athanasiadis1,
Heidrun Behrendt2, Johannes Ring1,2 and Ulf Darsow1,2
Itch is the major symptom of many allergic or inflammatory skin diseases; yet it is still difficult to measure
objectively. Human studies on the physiology and pathophysiology of the itch sensation (e.g. functional
magnetic resonance imaging studies) have been hampered by the lack of an efferent and manageable ‘‘on-off’’
stimulus. Here, a short-term temperature-modulated human histamine itch model is presented. In nine healthy
right-handed male volunteers (age 2972.6 years), 1% histamine dihydrochloride was used in the skin prick
model as standard itch stimulus on the right forearm with subsequent thermal modulation of the target skin
area using a Medoc TSA II NeuroSensory Analyzers thermode. Modulation occurred in rapid alternating order
from 321C (neutral) to 251C (slight cold) and vice versa; each temperature block lasted 20 seconds. Subjective
itch ratings were recorded using a computerized visual analog scale (VAS) and – for qualitative assessment – the
Eppendorf Itch Questionnaire (EIQ). All subjects reported localized itch sensations without pain; mean VAS itch
intensity was 50.673.5% during the 251C blocks and 33.873.9% during the 321C blocks (Po0.0001). Also, mean
EIQ ratings were significantly higher related to the 251C blocks. In spite of the common knowledge that
intensive cold can inhibit itch sensation, a reproducible, significant enhancement of histamine-induced itch by
short-term moderate temperature decrease could be shown. This effect might be explained by peripheral and
central adaptation processes triggered by alternating afferent activity patterns and might be used – owing to its
‘‘on/off’’ characteristics – in future itch physiology studies such as functional magnetic resonance imaging.
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INTRODUCTION
The sensation of itch is the most prevalent symptom of allergy
and inflammatory skin diseases (Behrendt et al., 2001;
Charlesworth and Beltrani, 2002). The definition of itch dates
back to 1660, when Samuel Hafenreffer defined it as
‘‘unpleasant sensation that provokes the desire to scratch’’
(Hafenreffer, 1660). Its pathophysiology remains poorly
understood in spite of numerous studies. Itch can easily be
elicited experimentally – most effectively via a histamine
stimulus (Darsow et al., 1996). With its mainly subjective
characteristics, itch has some psycho-physiological similarity
to pain. Although some degree of overlap is present, recent
neurophysiological studies have confirmed that itch path-
ways are clearly distinct from pain pathways (Schmelz
et al., 1997; Darsow et al., 2000; Yosipovitch et al., 2003).
In contrast to pain, so far no method has been described to
produce and stop the sensation of itch within seconds. Such
an itch-modulating methodology, however, would be desir-
able for studies on itch pathophysiology. We investigated
the itch sensation using a methodology with short-term
temperature changes for modulation of histamine-induced
itch. The aim of our study was to evaluate the effect of short-
term alternating temperature modulation on histamine-
induced itch in healthy volunteers, and to develop a
methodology for imaging studies using functional magnetic
resonance imaging.
RESULTS
Quantitative assessment of itch intensity (VAS)
All subjects reported itch without pain within 40 seconds
after histamine application. None of the volunteers ever felt
sensation of pain during the whole experiment.
In each individual subject as well as in the total group,
significant differences between intervals concerning visual
analog scale (VAS) itch intensity ratings were noted. In each
cycle, itch intensity was generally perceived as higher during
251C blocks than during 321C blocks (Figure 1). Mean itch
intensity was 50.673.5% during the 251C block (intervals
6–10) and 33.873.9% during the 321C block (intervals 1–5)
with a highly significant difference (Po0.0001) between the
two temperature blocks.
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Mean itch intensity was highest in 251C-interval 8
(9–12 seconds after beginning of cold induction; 53.1%, SD
3.9) and lowest in 321C-interval 4 (13–16 seconds after
beginning of warmth induction; 31.2%, SD 4.2%) with
a significant (Po0.0001) difference between intervals
(Figure 2). Mean itch intensity was significantly (Po0.001)
higher in each of the 251C intervals (6–10) compared to each
of the 321C intervals (1–5). Differences between the end of
the 321 block (interval 5) and the beginning of the 251C block
(interval 6) as well as between the end of the 251C block
(interval 10) and the beginning of the 321C block (interval 1)
were significant (Po0.0001). The mean itch intensity of each
single participant (Table 1) was significantly (Po0.0001)
higher during the 251C block compared to the 321C block.
Alternating changes in mean itch perception comparing
321C and 251C blocks were remarkably reproducible
(Figure 1).
Qualitative assessment of itch intensity (EIQ)
In the Eppendorf Itch Questionnaire (EIQ), mean descriptive
ratings were significantly (Po0.01) higher for the 251C block
(1.6, SD 1.2) compared to the 321C block (0.7, SD 0.8). The
mean emotional ratings were also significantly (Po0.01)
higher for the 251C block (0.9, SD 1.0) compared to the 321C
block (0.4, SD 0.5).
On a single-item level, many descriptive items (Figure 3a)
were rated significantly (Po0.01) higher for the 251C blocks
compared to the 321C blocks: ‘‘pricking’’, ‘‘stinging’’, ‘‘pene-
trating’’, ‘‘cold’’, ‘‘feels ant-like’’, ‘‘tingling’’, ‘‘pointed’’, ‘‘high-
pitched’’, ‘‘pinprick-like’’, ‘‘itching’’, ‘‘pinching’’, ‘‘prickling’’,
and ‘‘mosquito bite-like’’. The item ‘‘warm’’ was rated
significantly (Po0.001) higher for the warm block. The des-
criptive item ‘‘mosquito bite-like’’ reached the highest
significance level (Po0.0001).
The following emotional items (Figure 3b) were rated
significantly (Po0.01) higher for the 251C blocks compared
to the 321C blocks: ‘‘annoying’’, ‘‘bothersome’’, ‘‘unplea-
sant’’, ‘‘tiresome’’, ‘‘insistent’’, and ‘‘severe’’; ‘‘bothersome’’
reached the highest significance level (Po0.001).
DISCUSSION
In spite of the common knowledge that intensive cold inhibits
itch (Greaves, 1993; Bromm et al., 1995), the results of our
study in healthy volunteers show a reproducible, significant
enhancement of histamine-induced itch by short-term mod-
erate temperature decrease. When taking into account the
definition of itch as a sensation provoking the desire to
scratch, the stimulus paradigm shows an ‘‘on/off’’ phenom-
enon: Mean itch intensity was above scratch threshold during
the whole 251C block, whereas more than half of the 321C
block was below scratch threshold level. The qualitative
ratings by EIQ confirmed this tendency and fit to the actual
temperature condition. The denial of the sensation of pain
during the entire experiment by each volunteer excludes an
overlap between itch and pain, but in accordance with the
EIQ rather suggests a sensation of pure itch.
The observed effect might be explained by peripheral and
central adaptation processes triggered by abnormal afferent
activity patterns as previously described in, for example,
experimental heat induction by warm–cold stimulation
(Green, 1977) or post-ischemic paresthesias (Ochoa and
Torebjo¨rk, 1980). These activity patterns may be generated
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Figure 1. Mean itch intensity (VAS) of all volunteers (n¼9) of the two sessions (green: first session; violet: second session) rated every 4 seconds. The
14 cycles (each lasting 43 seconds, beginning with a 21.5 seconds 321C block (red background) and ending with a 21.5-second 251C block (blue background))
are separated by the black gridlines. The yellow line represents the scratch threshold (33% itch intensity).
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by responses of thermoreceptors and/or local circulatory
changes.
The increase in itching by short-term moderate tempera-
ture decrease as well as the decrease of itching by short-term
moderate temperature increase are unexpected findings, as it
is widely known that cooling activates A-delta-fibers, which
on spinal level normally inhibit itch-related C-fiber activity
(Carstens and Jinks, 1998; Craig, 2002; Mochizuki et al.,
2003). However, paradoxical phenomena have also been
described in this context:
One such phenomenon accompanying many neurological
disorders is called ‘‘paradoxical heat’’; here perception of
heat is reported when the skin temperature is innocuously
cooled. Underlying mechanisms such as central insular
cortex activation could give an explanation for the pheno-
menon observed in this experiment for itching (Davis
et al., 2004).
So far no controlled study investigated the effect of short-
term alternating temperature modulation on experimentally
induced itch. Fruhstorfer et al., (1986) have evaluated the
effect of slow cooling from 30 or 451C with 0.51C/s to 51C
and passive re-warming after inducing itch by moisturizing
superficially abraded skin with histamine solution: average
itch intensity lowered with lowering of temperature, but
observations of a change of itch sensation by change of
temperature regulation to either direction were made as well.
The authors postulated that cooling from 301C may inhibit
itch, whereas cooling from 451C may induce or aggravate
itch. This reduction of itch by noxious heat was recently
confirmed by Yosipovitch et al. (2005). We observed a
similar phenomenon using an innocuous temperature range
and alternating temperature modulation. Our results point to
disinhibition of an itch-inhibiting warmth stimulus.
Central inhibition of itch has been observed with vibratory
stimulation (Melzack and Schecter, 1965; Ekblom et al.,
1984) and with transcutaneous electric nerve stimulation
(Fjellner and Ha¨germark, 1978). Both methods are, however,
associated with the production of painful sensations (Fruh-
storfer et al., 1986), not very effective and have never reached
the level of clinical use. Above all neuroimaging studies using
these methods for investigation of central inhibition mechan-
isms of itch would encounter problems to distinguish whether
the observed activation would be due to vibration, pain, or
itch. These problems can be avoided using our study’s
methodology, providing the first phasic supra-threshold
itch model.
In conclusion, short-term moderate temperature decrease
enhances histamine-induced itch, opening the possibility of
further and more detailed investigation of itch by methods
usually used for the analysis of phasic nociception such as
functional magnetic resonance imaging.
MATERIALS AND METHODS
Subjects
Nine right-handed male volunteers with a mean age of 29.3 years
(SD72.6 years) were included in the study. Right-handedness
was confirmed by the Edinburgh Handedness Inventory (Oldfield,
1971). Patients with a personal history of allergy, atopic eczema,
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Figure 2. Showing one cycle: Mean itch intensity (VAS) of both sessions of all volunteers at the various temperature intervals. As indicated by the dotted line,
the red columns numbered 1–5 indicate 321C temperature intervals, whereas the blue columns numbered 6–10 mark 251C temperature intervals, each lasting
4 seconds. The yellow line represents the scratch threshold (33% itch intensity). Asterisks indicate significant differences between intervals. **Po0.01,
***Po0.001.
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inflammatory skin disease, or intake of drugs were excluded from the
study to avoid possible side effects. The study was approved by the
local ethics committee of the Technische Universita¨t Mu¨nchen and
conducted according to the Declaration of Helsinki Principles;
participants gave their written informed consent.
Study design
A histamine stimulus to induce itch was applied using a skin prick
model (Darsow et al., 1996) to the volar aspect of the dominant right
forearm, 3 cm proximal of the distal wrist crease. One percent
histaminedihydrochloride was applied as a single drop in aqueous
solution on the skin, followed by a superficial puncture of this skin
region with a special lancet (Ring, 2005). This results in a deposit of
the histamine solution at the dermal–epidermal junction, where the
terminals of itch-related C-fibers are located (Shelley and Arthur,
1957; Darsow et al., 1996). This model has been evaluated for
studies on experimental itch (Darsow et al., 1996). After a latency of
35 seconds (median), an itch sensation develops with a peak itch
intensity 120 seconds after application. Depending on the dose,
duration of supra-threshold itch sensation ranges between 4 and
12 minutes. The histamine stimulus has been shown to ensure a
relatively long-lasting, stable, and intense itch sensation, with
no induction of pain nor any other sensation than itch (Darsow
et al., 1996).
Sixty seconds after application of the histamine stimulus, the
skin temperature was modulated by the Medoc TSA II NeuroSensory
Analyzers thermode, which is capable of heating or cooling
the skin as needed via a skin thermode (size 30 30 mm) that was
placed exactly above the stimulus area. Fourteen equal cycles
directly following each other were applied: Each cycle started
with a neutral block producing a constant skin temperature of
321C for 20 seconds, then changing within 1.5 seconds (ramp
51C/second) to a relative cold block of 251C also lasting for
20 seconds. Time to onset of the following cycle was 1.5 seconds
(ramp 51C/second). The used temperature range was the result of
extensive pilot trials.
Table 1. Mean itch intensity (VAS) and SD of both sessions of each individual subject as well as all subjects at the
various temperature intervals
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 Subject 7 Subject 8 Subject 9 All subjects
Interval 1 Mean 51 36 29 43 35 31 30 43 43 37.8
SD 11 6 6 10 7 7 3 11 12 3.8
Interval 2 Mean 53 33 25 36 32 26 25 36 35 33.4
SD 11 5 3 11 6 6 3 8 9 3.9
Interval 3 Mean 51 29 24 35 32 25 23 35 32 31.8
SD 10 4 2 11 6 7 3 12 9 4.7
Interval 4 Mean 49 29 24 32 29 25 22 37 35 31.2
SD 11 4 3 11 6 9 4 11 8 4.2
Interval 5 Mean 50 30 26 35 31 27 27 47 42 35.0
SD 12 6 4 8 7 9 7 11 8 3.3
Interval 6 Mean 57 35 38 42 50 33 35 62 51 44.7
SD 11 5 7 10 8 8 7 9 9 2.7
Interval 7 Mean 60 39 44 50 59 37 43 70 60 51.4
SD 12 3 4 11 5 7 3 6 6 4.0
Interval 8 Mean 61 41 45 53 61 39 44 71 63 53.1
SD 11 3 4 10 5 6 3 5 5 3.9
Interval 9 Mean 59 42 42 55 61 40 45 69 64 53.0
SD 11 3 6 10 6 6 4 7 4 3.6
Interval 10 Mean 57 42 39 51 58 38 44 65 63 50.9
SD 11 2 6 10 8 7 5 8 7 3.5
VAS, visual analog scale.
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6–10. Time intervals necessary for the thermode to reach its
designated temperature were 1.5 seconds between interval 5 and
6, and 1.5 seconds between interval 10 and 1; these time intervals
were excluded from statistical analyses.
At one-third of the VAS (33/100), the intervention point ‘‘scratch
threshold’’ was installed. Above this threshold, each individual felt
the clearcut desire to scratch, which, however, was not permitted
nor carried out. Itch intensity was quantitatively expressed in percent
of the VAS.
At the end of the session, the EIQ (Darsow et al., 2001), a
validated instrument for qualitative and quantitative assessment of
pruritus, was completed by the volunteers. It contains 80 items,
including questions concerning painful sensations. Each item is rated
with regard to the itch sensation on a five-point scale from 0 (not
applicable) to 4 (very applicable); this was carried out for the 251C
block as well as for the 321C block. The descriptive EIQ items ‘‘more
when cold’’, ‘‘less when cold’’, ‘‘more when warm’’, and ‘‘less when
warm’’ were excluded, as they could not be rated with regard to
relative warm and cold blocks. As each of the volunteers was asked,
whether a sensation of pain was present during the experiment, the
item painful was excluded as well.
Statistical analysis
If not mentioned otherwise, mean values7SD are given; data of the
first cycle was excluded due to adapting processes. Temperature
blocks were compared with respect to VAS and EIQ using a two-
sample t test for dependent variables, interval 1–10 by one-way
analysis of variance. In case of significance, bivariate post hoc t tests
were performed using Bonferroni correction for multiple testing.
P-values less than 0.05 were considered as statistically significant.
All tests were performed two-tailed. Statistical analysis was
performed using SPSS version 13 (SPSS Inc., Chicaco, IL, USA).
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